In this prospective, randomized study, we com- Cholecystectomy performed via laparotomy is associated with postoperative pulmonary dysfunction which increases the risk of postoperative pulmonary complications. The site and size of the surgical incision, severity of postoperative pain and impaired diaphragmatic function are the most important factors known to impair pulmonary function after conventional open cholecystectomy [1] [2] [3] [4] [5] . Laparoscopic cholecystectomy is a new technique that has become the treatment of choice for symptomatic cholelithiasis 6 . The procedure is associated with the absence of skin incision, less pain, shorter hospitalization and faster recovery compared with open cholecystectomy [6] [7] [8] . Minimal pulmonary dysfunction after laparoscopic cholecystectomy in healthy patients has been reported by several authors [9] [10] [11] [12] [13] [14] . However, in most studies only expiratory lung volumes were evaluated and postoperative respiratory complications were not studied. In addition, these were observational or nonrandomized studies, limited to a small number of patients, and could have exaggerated the advantages of laparoscopic cholecystectomy.
In this prospective, randomized study, we compared 42 patients undergoing laparoscopic cholecystectomy and 40 undergoing open cholecystectomy to determine if laparoscopic cholecystectomy results in less respiratory impairment and fewer respiratory complications. Pulmonary function tests, arterial blood-gas analysis and chest radiographs were obtained in both groups before operation and on the second day after operation. Postoperative pain scores and analgesic requirements were also recorded. After operation, a significant reduction in total lung capacity, functional residual capacity (FRC), forced expiratory volume in 1 s (FEV 1 ), forced vital capacity (FVC) and mid-expiratory flow (FEF 25 Cholecystectomy performed via laparotomy is associated with postoperative pulmonary dysfunction which increases the risk of postoperative pulmonary complications. The site and size of the surgical incision, severity of postoperative pain and impaired diaphragmatic function are the most important factors known to impair pulmonary function after conventional open cholecystectomy [1] [2] [3] [4] [5] . Laparoscopic cholecystectomy is a new technique that has become the treatment of choice for symptomatic cholelithiasis 6 . The procedure is associated with the absence of skin incision, less pain, shorter hospitalization and faster recovery compared with open cholecystectomy [6] [7] [8] . Minimal pulmonary dysfunction after laparoscopic cholecystectomy in healthy patients has been reported by several authors [9] [10] [11] [12] [13] [14] . However, in most studies only expiratory lung volumes were evaluated and postoperative respiratory complications were not studied. In addition, these were observational or nonrandomized studies, limited to a small number of patients, and could have exaggerated the advantages of laparoscopic cholecystectomy.
We have therefore compared changes in respiratory function after laparoscopic and conventional open cholecystectomy in a prospective, randomized study.
Patients and methods
All patients with symptomatic cholelithiasis, undergoing elective cholecystectomy under general anaesthesia, were considered for entry into this study. Exclusion criteria were acute cholecystitis, choledocholithiasis, age more than 65 yr and obesity (body mass index 929 kg m
92
). Patients with a history of previous pulmonary disease, those smoking more than 10 cigarettes per day and patients not accepting randomization were also excluded. The study was planned according to the Helsinki declaration and was approved by our hospital's Research Ethics Committee. After giving informed consent, suitable patients were allocated randomly, by selecting closed envelopes, to a surgical team capable of performing each procedure.
Anaesthetic and operative procedures were standardized for each group. Diazepam 10 mg was given orally for premedication 60 min before surgery. General anaesthesia was induced with fentanyl 2 g kg 91 and thiopentone 5 mg kg
91
. Suxamethonium 1 mg kg 91 was given to facilitate intubation of the trachea. Anaesthesia was maintained with 1% isoflurane and 60% nitrous oxide in oxygen, fentanyl and pancuronium. The lungs of all patients were ventilated mechanically with a tidal volume of 8-10 ml kg 91 and ventilatory frequency was adjusted to maintain an end-tidal carbon dioxide partial pressure of 4.0-4.3 kPa. During operation, patients were monitored continuously for heart rate, arterial pressure, oxygen saturation (as measured by pulse oximetry) and partial pressure of carbon dioxide in exhaled gas (end-tidal carbon dioxide). Arterial blood samples for gas analysis were obtained just before insufflation, during dissection of the cystic pedicle and before desufflation.
All operations were performed in the morning after an overnight fast. All patients had a nasogastric tube and urinary catheter inserted, and these were removed immediately after surgery. Open cholecystectomies were performed through a transverse right subcostal incision, 10-12 cm long, with partial transection of the ipsilateral rectus abdominis muscle. Laparoscopic cholecystectomies were performed via a four trocar technique, as described previously 15 , pneumoperitoneum was established with carbon dioxide insufflation and the intra-abdominal pressure was maintained at 14 mm Hg.
PULMONARY FUNCTION STUDIES
Static and dynamic lung volumes and flow rates were measured using Jaeger's Bodybox and pneumotachograph (Bodyscreen II, Jaeger, Germany). Measurements were made with the patient in the sitting position, according to the guidelines of the American Thoracic Society 16 . Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), midexpiratory flow (FEF25-75%), functional residual capacity (FRC), residual volume (RV), total lung capacity (TLC) and airway resistance (Raw) were measured and the greatest value of three attempts was recorded, except for FRC which was defined as the mean of three measurements. RV/TLC and FEV1/FVC ratios were also calculated. Arterial blood-gas analysis was performed just before the spirometric studies using an automatic analyser (ABL-3, Radiometer, Copenhagen, Denmark). All tests were performed in our respiratory laboratory by the same physician who was unaware of the nature of the study.
Posteroanterior and lateral chest radiographs were obtained at maximal inspiration with the patient in the upright position. Chest radiographs were interpreted by a qualified radiologist who was unaware of the type of procedure and whether the x-ray was performed before or after operation. Atelectasis was graded as micro-, focal, segmental or lobar. Pneumonia was defined as the simultaneous presence of radiological and physical signs, and positive culture results.
All studies were performed on the day before surgery and in the morning of the second postoperative day. Postoperative spirometry was performed if the VAS pain score, estimated at rest just before testing, was less than 4 cm. PAIN 
ASSESSMENT
Intensity of postoperative pain was estimated using a linear 0-10 cm (0:no pain, 10:severe pain) visual analogue scale (VAS). Assessments were made when the patient arrived at the recovery ward, 4 and 12 h after the end of surgery, and thereafter at 08:00, 14:00 and 20:00 every day after operation. To standardize postoperative analgesia, pethidine 0.5 mg kg 91 i.m. was administered to all patients, as requested by the patient. Pain charts were collected every day by an independent observer and the daily recorded numerical pain scores were summed for each patient. Analgesic use was also calculated on a daily basis as the total quantity of pethidine administered.
STATISTICAL ANALYSIS
All data are presented as mean (SD) values except for pain scores and pethidine consumption where the median (interquartile range) value is used. Statistical analysis was performed using the Statgraphics 5.1 statistical software package (Statistical Graphics Corporation, Rockville, MD, USA). Quantitative data were analysed by paired and unpaired t test and categorical data by chi-square test. Differences in pulmonary function variables within each group were evaluated by the paired t test. Perioperative changes were calculated and statistical comparisons between groups were made using the unpaired t test. The overall incidence and severity of atelectasis between groups were compared by the chi-square test for trend. The Mann-Whitney U test was used to compare pain scores and analgesic requirements. Significance was presumed at P:0.05.
Results
During the study period (March 1992 to November 1993), 147 patients fulfilling the selection criteria were admitted for elective cholecystectomy. Informed consent to randomization was obtained from 98 patients. Seven patients (two allocated for laparoscopic and five for open cholecystectomy) declined to take part after randomization. Two patients from the laparoscopic cholecystectomy group were excluded because of incomplete recording of pulmonary function tests. Three patients randomized for laparoscopic cholecystectomy required conversion to open cholecystectomy as a result of difficulties in defining anatomy. These patients were also excluded. Four patients scheduled for open cholecystectomy were excluded from the study because they underwent common bile duct exploration. Thus 82 patients completed the study: 42 patients underwent laparoscopic and 40 open cholecystectomy. The two study groups were similar in patient characteristics, and anaesthetic and operative times. Duration of postoperative hospital stay was significantly shorter after laparoscopic cholecystectomy (table 1) .
Preoperative pulmonary function tests and arterial blood-gas values were normal and did not differ significantly between the two groups. After operation, a significant reduction (P:0.05) in TLC, FRC, FEV1, Postoperative pain scores and pethidine analgesia use during the study were significantly less in the laparoscopic cholecystectomy group (table 5) .
Discussion
When this study was designed the authors had experience of performing 40 laparoscopic cholecystectomies. At that time many surgeons were critically examining the benefits of the procedure and there were surgeons at our institution who were not performing laparoscopic cholecystectomy. A randomized study of laparoscopic compared with open cholecystectomy was justified. As the study proceeded, ethical problems arose, as experienced by other authors 17 . In addition, the wide media publicity resulted in high motivation among patients to undergo only laparoscopic cholecystectomy. The highest rate of non-acceptance and all withdrawals after randomization were observed during the last 6 months of the study. Men were more keen to participate in the study and this was reflected in the relatively higher than expected male/female ratio in this study.
To our knowledge, there has been no other randomized study comparing pulmonary function after laparoscopic and open cholecystectomy. Results from this study indicated that considerable impairment of pulmonary function occurred after laparo- 13 14 and non-randomized controlled 9-12 18 19 studies, the postoperative reduction in FVC, FEV1 and FEF25-75% ranged from 20% to 40% on the first or second postoperative day after laparoscopic and from 40% to 70% after open cholecystectomy in healthy patients. A significant reduction in TLC after laparoscopic (8% to 17%) and after open (22%) cholecystectomy was also observed 13 19 , while RV was unchanged 13 14 . FRC has been reported to decrease 24 h after laparoscopic cholecystectomy by 7 % to 15 % of preoperative values 13 14 compared with a reduction of 36 % after open cholecystectomy 18 . The patterns and magnitude of the changes in pulmonary function after laparoscopic or open cholecystectomy observed in this study are in agreement with those mentioned above. The small discrepancies may possibly be related to differences in patient selection criteria, duration of anaesthesia and surgery, and measurements at different postoperative times. However, the most important finding is that laparoscopic cholecystectomy is associated with less impairment of pulmonary function compared with open cholecystectomy.
Upper abdominal surgery performed through a subcostal or midline incision is associated with significant alterations in pulmonary function. A restrictive breathing pattern with reduced inspiratory capacity is evident immediately after surgery 1 2 . A shift from abdominal to thoracic breathing occurs because of the reduced diaphragmatic contribution to tidal volume 4 5 20 . Although the aetiology of pulmonary dysfunction after upper abdominal surgery is not completely elucidated, postoperative pain 3 20 21 and diaphragmatic dysfunction 4 5 are considered to be the major contributing factors. Pain scores and analgesic requirements in this study were reported up to the second postoperative day as at that time most of the patients undergoing laparoscopic cholecystectomy were discharged from hospital. Decreased pain scores and reduced analgesic requirements, observed during this period of time, confirmed the clinical observations that laparoscopic cholecystectomy was accompanied by less postoperative pain. However, it is not evident if less postoperative pain is the only factor responsible for less impairment of pulmonary function after laparoscopic cholecystectomy. Extradural analgesia provides adequate pain relief but does not improve pulmonary function after laparoscopic cholecystectomy 10 . Therefore, diaphragmatic dysfunction after laparoscopic cholecystectomy should be considered also. Diaphragmatic contribution to tidal volume during quiet breathing was found to be unchanged immediately after laparoscopic cholecystectomy 22 . However, 3 h after surgery a shift from abdominal to thoracic breathing associated with a 30% reduction in total tidal volume and an increased breathing frequency were observed 23 . This rapid and shallow breathing pattern led to an increase in end-tidal carbon dioxide concentration by 9%. There was no evidence of altered contractility and changes in breathing pattern were attributed to reflex inhibition of diaphragmatic inspiratory activity. Impaired diaphragmatic function early after laparoscopic cholecystectomy with gradual restoration over 24 h was documented also by direct diaphragmatic electromyography 24 . Alterations in rib cage-abdominal partitioning with reduction in abdominal tidal volume during resting and coached abdominal breathing by 32% and 29%, respectively, and shortening of the inspiratory time were observed 24 h after laparoscopic cholecystectomy 25 . These findings suggest that diaphragmatic dysfunction, similar to that in the open procedure, does occur after laparoscopic cholecystectomy. This is not unexpected as the intra-abdominal site of intervention is the same in both procedures. Manipulation and local stimulation of the gallbladder and its bed during laparoscopic cholecystectomy may elicit reflex inhibition of the diaphragm, as has been shown in animal studies 26 .
Postoperative alterations in pulmonary function are clinically important if they contribute to respiratory complications. The decrease in FRC and its relation to the closing capacity have been shown to correlate well with postoperative atelectasis and hypoxaemia 2 27 28 . The development of atelectasis after laparoscopic cholecystectomy has been evaluated in two other studies. Johnson and colleagues 14 reported that segmental atelectasis developed in three of 31 patients undergoing laparoscopic cholecystectomy. In the study of Schauer and colleagues 19 , radiological atelectasis of varying degrees occurred in 40% of patients after laparoscopic cholecystectomy compared with 95 % of patients after open cholecystectomy. This high rate of atelectasis was probably a result of the fact that many patients in that study had risk factors for postoperative pulmonary complications. In our study in healthy patients, the incidence and severity of postoperative atelectasis were significantly reduced and 2 O a P values were higher after laparoscopic cholecystectomy. Better oxygenation after laparoscopic cholecystectomy compared with open cholecystectomy has been also reported by other authors 9 11 18 . Although these findings parallel the changes in FRC, it is difficult to ascertain if the smaller reduction in FRC after laparoscopic cholecystectomy observed in our study translates into fewer respiratory complications.
